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S U 1.i 14 A R Y 

by R. G. Skrynnikov 

The dynamo-theory o f  i r r e g u l x r  SPP-s of t h e  Geomagnetic f i e l d  

o c c u r r i n g  du r inn  p o l L v  bay-l ike d i s t u r S a n c e s  is d i scussed  i n  t h i s  paper.  

1. formula i s  proposec,  which linlcs t h e  SPP m p l i t u d e s  with t h e  p u l s a t i o n s  

of aurora  glow. 

* * * 
The works c 1  - 5 1  br inq  f o r t h  tY.c € a c t s  p o i n t i n g  t o  t h e  c l o s e  

r e l a t i o n s h i p  between t h e  n u l s a t i o n s  of  p o l n r  a u r o r a  and t h e  SPP-s of  t h e  

geomawet ic  f i e l d  of  t h e  type  s i p  and Thus, d u r i n g  po la r  bay- l ike  

d i s t u r b a n c e s  and u n i v e r s a l  rn-:gnetic s t o r a s ,  t h e  v e a t e r  p a r t  of p u l s a t i o n  

penks of zu ro ra  p l o w  a r e  a t t ended  by pe?ks  of i r r e g u l a r  SFP-s of  t h e  geo- 

magnet ic  f i e l d .  Moreover9 both  t h e  Du l sa t ions  snd t h e  SPP-s have i d e n t i c a l  

s p e c t r e  and i? tendency is  noted t o  SPP arrlplitu.de i n c r e z s e  wi th  t h e  r i s e  of 

t h e  a n p l i t u d e  of p u l s a t i o n s ,  and e o  f o r t h .  

+pq 

Such a c l o s e  l i n k  of bot!? even t s  211-ows 

t h e  assumption tE.2.t t h e  a u r o r a  glow and type-& 

and - ~ c '  p l l s a t i o n s  c o n s t i t u t e  d i f f e r e n t  a a n i f e s -  

t a t i o n s  of t5.e same e v e n t -  t h e  i n t r u s i o n  of 
p l a s m  f l u x  i n  t h e  au ro ra  zone of t h e  upper atmo- 

sphere .  T h i s  i n t r u s i o n  induces  t h e  appearance of  au ro rae  and of t h e  r e g i o n  

of i nc reased  i o n i z a t i o n  i r ,  tile 100- 200  TI a l t i t u d e  range. 



2. 

It is w e l l  known from o b s e r v a t i o n s  C6] t h a t  t h e  r e g i o n  of i n c r e a -  

s e d  i o n i z a t i o n  i n  t h e  aurora tone nay have dimensions i n  l o n g i t u d e  from 

20 t o  400 km and from 1000 t o  5000 i n  l a t i t u d e .  Consequently,  i n  t h e  first 

anorox ina t ion  t h e  r e g i o n  of i n c r e a s e d  i o n i z a t i o n  may be r ep res f in t ed  by an 
i n f i n i t e  band, i n  wl-icl? t h e  i o n i z a t i o n  d e n s i t y  i s  s i g n i f i c a n t l y  g r e a t e r  

t h a n  t h a t  o f  t h e  su r round ing  ionosphere,  t h a t  is  N S  No. A t  t h e  same t i m e ,  

the maqr,etic f i e l d  i s  d i r e c t e d  downward a long  t h e  axis 2 and t h e  v e l o c i t y  
v e c t o r  of t h e  ionosphe r i c  wind is pe rpend icu la r  t o  t h e  boundar ies  of t h e  

i r regu1,ar i ty  ( s e e  f i g u r e  of t he  p reced ing  page). It w a s  shown i n  t h e  works 

[7-  103 t h a t  t h e  plasma flux i n t r u d i n g  t h e  upper atmosphere f l u c t u a t e s .  

The n z p i t u d e  of f l u c t u a t i o n s  w i t h  p e r i o d s  t o  1 0 s e c .  c o n s t i t u t e s  I -  10% 

of t h e  t o t a l  flux i n t e n s i t y .  The f l u c t u a t i o n s  of t h e  pr immy f l u x  induce  

p u l s a t i o n s  of a u r o r a  glow. The pr imary  p c v t i c l e s ,  e l e c t r o n s  and i o n s ,  p a s s i n g  

t h r o u r h  t h e  r a r e f i e d  gas of the  upper  atmos?here, induce a s imul taneous  emer- 
gence of  e x c i t e 6  and i o n i z e d  p a r t i c l e s .  A t  t h e  same t ine  t h e  ra te  of  i o n  

format ion  and t h e  i n t e n s i t y  of glow a r e  l i n k - d  i n  t h e  f i r s t  approximation 

by a c o r r e l a t i o n  of t h e  form 
(Ji 

011 
q =- 6I .  

where 6; 
c r o s s  s e c t i o n  of emiss ion  d e - e x c i t ? t i ? n  w i t h  wavelength A ;  q 
of i o n  format iox;  8 1  is t h e  

mary e l e c t r o n s .  

is t h e  e f f e c t i v e  i o n  f o r w t i m  cross s e c t i o n ;  bx i s  the  e f f e c t i v e  

is t h e  rate 
glow i n t e i i s i t y  of t h e  emis s iop  e x c i t e d  by pr i -  

The i o n i z a t i o n  ba lance  e q u p t i m  i s  w r i t t e n  i n  t h e  form 

where N is t h e  d e n s i t y  of i o n i z x t i o n ;  is t h e  recombina t ion  c o e f f i c i e n t .  

I n  c a s e  of i r r e g u l a r  sho r t -ye r iod  o s c i l l a t i o n s  the  r a t e  of i o n  format ion  

may be r e p r e s e c t e d  w i t h  a s u f f i c i e n t  p r e c i s i o n  by a sequence of t r i a n g u l a r  

p u l s e s , w i t h  t h e  p o s s i b i l i t y  f o r  everyone of  them t o  bc r e3 reoen ted  by t h e  

f o l l o w i n g  f u n c t i o n  : 

q ( 4  = 0, 
P(t) = ktl t o  < t < T 1.2, (3) 

t < to,  

q ( t )  = k ( T - t ) ,  T I 2 C t C T .  



A t  c o n s i d e r a t i o n  of SPP t h e  p e r i o d  of a c t i o n  of t h e  ion-forming 
f u n c t i o n  may be trzken s u f f i c i e n t l y  small f o r  t h e  n m b e r  of p r t i c l e s ,  hav ing  

recon5ined durinlr: t h e  a c t i o n  time of t h e  pu l se  t o  be neg lec t ed ,  t h a t  is, t o  

e s t i m a t e  t h a t  6>'/2aNTq. A t  a N10°8 - loo9 t h i s  admission will be v a l i d  

f o r  SPP-s w i t h  pe r iod  from 1 t o  100 sec.  Conseqxedly, if t h e  f m c t i o n  is 

r e p r e s e n t e d  i n  t h e  forn ( 3 ) ,  t he  s o l u t i o r ,  of t h e  equa5ion will hnve t h e  form 

6 N m  = ~ r n ( T  / 2 ) ,  (4) 

where sflm is t h e  rnaxi::iuir! of  ioni:rs?tion; q, is ::-e ~ ~ i u u m  ra te  of 

i o n  format ion;  T is the x t i o n  Fer iod  of  t h e  ion-forming func t ion .  The 

e a u a t i o ~ ( 4 )  may be w r i t t e n  i n  another  forn ,  s u b s t i t u t i n g  i n  p l ace  o f  ion 
f o r m t i o n  r a t e  its expres s ion  thro:-gh t h e  i : : tecsity of ?low. Then 

The e q u a t i o n  (5) is v a l i d  i n  t h e  c a s e  when the  e:.iic;siorr glow exci- 
t a t i o n  is t r i g r e r e d  by t h e  z x i e  p a r t i c l e s  zs t h e  i o n i z a t i o n .  Accord ins  t o  

t h e  oTj.nion of most of t h e  r e s e a r c > e r s ,  such emiss ion  is t h a t  of t h e  l i n e  

3914 C113. I n  case of uniform ionos;Jhere t h e  flow o f  a p a r t l y  i o n i z e d  

gr_s o r  t h e  ionosphere  i n  t h e  n a c n e t i c  f i e l d  of  t h e  E z r t h  l e a d s  t o  t h e  exis t -  

eEcF i 2  t ? e  sys t e n  of coordin:: t e s ,  linked. wi-th r2ovinyi. gas p z r t i c l e s ,  o f  an 
induced e l e c t r i c  f i e l d  [12 - lh]. I f  we est im;l te  t h s t  t h e  v e c t o r  of t h e  geo- 

m q m e t i c  f i e l c !  is d i r e c t e d  verticr.I!~r f'ol;:nviard, t ?e  value of t h e  f i e l d  is 

I E=? [UH]. 

The e l e c t r i c  f i e l d  induces  e l e c t r o n  an2 i o n  c u r r e n t s  

wberc: Cl,r,  I ,  ,,2e. 1 

c7cro;z tl:e i.: ' .ncLic f i e l d .  !:?.e c u r r e n t s  ~ i r o  induced by p a r t i c l e  motion w i t h  

F v e l a c i t y  - u y7clrallelwise ad n e r ? e n d . i c u l x l g  t o  E. 

p?r<-.l lelwise t o  E ,  is deteri:;ined b:~ t5e e q u n l i t y  

n r e  r+.?s?ectively t h e  e l e  c t r o ~  ~ z c l  i o n  conductance a long  and 

The n o t i o n  v e l o c i t y ,  



4. 

Accordin!- t o  data. of E;], zk h e i - h t s  fron lX! t o  200 km, t h - t  is 

2.t t h e  l e v e l  03 t h e  E-layer  
(9)  _ _  

me2 / (ve2 + me2)' 1, ai' / (vi'+ mi')  < I 
a72 d 

t h p t  is, t h e  e l e c t r o n s  a r e  f i x e d  i n  the  ionosphere  r e l a t i v e  t o  observer.  on 

E z r t h ,  whi le  t h e  i o n s  move w i t h  t h e  gas. There fo re ,  t h e  motion of p a r t i c l e s  

i n  t h e  ionosphere  i n  the  100- 200 km a l t i t u d e  range l e a d s  t o  t h e  p a r t i t i o n  

of  chzrges .  I n  cLsse of t h e  e x i s t e n c e  of i r r e g u l a r i t y  i n  t h e  ionosphere ,  

s i m i l a r  t o  t h e  one desc r ibed  ?.hove, t h i s  charge  p c a r t i t i o n  w i l l  l e a d  t o  

t h e  accumulation of charpes  on t h e  walls of t h e  i r r e g u l a r i t y  i f  t h e  motion 

of p a r t i c l e s  h a s  a v e l o c i t y  coaponent pe rpend icu la r  t o  t h e s e  w a l l s .  The 

f i e l d  induced by t h e s e  chcxrges lowers t h e H a l l  c u r r e n t .  The magnitude of 
t h e  p o l a r i z e t i o n  f i e l d  is determined from t h e  e q u a l i t y  of t h e  normal c u r r e n t  

d e n s i t y  cor.ponents a t  i r regu1,ar i tg  botrndayr El?, 141, t h z t  is, 

whence 

The f i e l d  Ep conpensates  t h e  Hall c u r r e n t  a c r o s s  the zone and, a t  

t h e  saae t h e ,  induces  t h e  Hall c u r r e n t ' s  i n c r e a s e  a long  t h e  zone of i n c r e a -  

sec! conductance,  making t h e  Ha l l  c u r r e n t  e q u e l  t o  ./. b 



5. 

j M .IV(a? + az2/ul)E. (151 
I, - Duz-in? ,I t'-< - -I-OTT: :low i n t e r r s l t y ,  2nd t h u s  also t h e  r a t e  of 

i o n  f o r n a t i o n ,  f l u c t u a t e  cont inuously,  C o n s e p n t l y ,  t h e  i o n i z a t i o n  d e n s i t y  

i n  t h e  i a n o m h e r e  f l u c t u n t e s  a l so ,  ; h e n  d i s c u s s i n g  t h e  SPP-G of t h e  geomap  

n e t i c  f i e l d  of t h e  types  s9 and z? thcit is tke o s c i l l z t i o n s  w i t h  periods 

from 1 t o  10- sec. ,  t h e  long-period v - r i a t i o n s  of i o g i z a t i o n  d e n s i t y  mag be 

r e p r e s e n t e d  ;'s x q u a s i s t g t i o n a r y  process .  Therefore ,  t h e  i o n i z a t i o n  d e n s i t y  

m.--y be w r i t t e n  i n  t h e  f o r a  of a sum 

A' = A ,  + b A ' ( l ) .  (16) 

The r e l a t i v e  v-r i - t icrn of c u r r e - t .  d e n s i t y  i s  determin?ci as 

A j -  A N  Ao Au A H  - _ -  j 11' +;+y+z, 
t:-.?t i c ,  t h e  v a r i a t i o n 7  of imos -? -c re  c u r r e n l  c l ex i t> r  i s  p roFor t iona1  t o  

t h e  v - r i - t i o n  of  i o n i z a t i o g  Censity,  T 5 c  v : r i r ; t i o n  of t h e  i o n i z a t i o n  d e n s i t y  

i n  t:?e ionosvherc i n  c - s e  of  SPP i s  3.eternined by t h e  formula  (5). 
Corsequent ly ,  t h e  d e n s i t y  v z r i - t i o n  of t h e  dyn'mocurrent i n  t h e  ionosyhere  

f o r  t h e  c ' s e  o f  type-si?  and nco SFP 's ,  deve loping  a t  t ime of Say- l ike  d i s -  

t u r b L  nce, i c  3eterLiioed 'c-7 ti.? f o r ; i u l s  

n  he 1- r i z t i o n  of t h e  Eeorns-nctic f ie lc l ,  induce6 by .i;l-.is c u r r e n t ,  

n;:r be determined by th?  f o m ~ u l ~  



. 
6. 

The nrzulitude of geornaynetic f i e l d ' s  type-si? and pco SPP's may 

be computed f r o 3  t h e  fol lowing i n i t i d  da t a :  t h e  pe r iods  of SF'P's l a y  i n  
t h e  l i n i t s  fro3 1 t o  100 sec ,  t h e  i n t e z s i t y  of  au ro ra  l i z h t  f lux p u l s a t i o n s  

c o n s t i t u t e s  1- 10% of t h e  t o t a l  au ro ra  i n t e n s i t y  a d  is equa l  t o  sone 
0.1 - 1 1:- r;.yl-eirhs. The r a t i o  & ; / S A  =50,  t > e  value of conductance is 

t5& rz: (1 - 4) CGSM. The v e l o c i t y  of t h e  ionospher ic  wind i s  0'- 

= 100 m,'sec, H- 0.5 oe. The io rosphe re  c u r r e n t  may be apnroximcted by a 

f l a t  l a y e r .  I n  t h i s  c s s e  the  m p i i t u d e  cf i r r e p l x r  type- Sip and SPP's 
ixduced by t h e  f l u c t u a t i o n s  of t h e  ionosFheric  dynauocurrent,  w i l l  be e q u a l  

t o  0.1 - 20 y .  
ved i n  t h e  au ro ra  zone dur ing  bay-l ike d is turbances .  It follows from (18) 
t h a t  t h e  ?low p u l s a t i o n s ,  exerging i n  t h e  absence of magnetoionospheric 

d i s tu rbances ,  can not  l e a d  t o  t h e  a n p e a r a n c e i n t h e  g e o m a q e t i c  f i e l d  of  
s i  - i f  i c  an  t S PF ' s . 

Simi la r  amplitudes of i r r e g u l a r  Sl?P's are  more o f t e n  obser -  
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